In 8 patients with complete heart block, cardiac and hemuodynammic functions were determined by methods based on cardiac catheterization. The data characterize the impairment in these functions in asymptomatic subjects and indicate, in addition, the further changes over the course of several years in the same subject, the deleterious effects associated with congestive heart failure, and the changes toward normal induced by isopropylnorepinephrine, a symaipathomiimetic amine known to stimulate the heart and increase ventricular rate in heart block.
THE purpose of this report is to present data regarding cardiovascular hemodynamicg functions in patients with established complete heart block.
Levinson et al.1 determined cardiovascular
dynamics by cardiac catheterization in 5 patients with complete heart block, without congestive heart failure at any time, and reported the following lienodynamnic alterations from the normal: elevated systolic pressure in the right atrium, elevated systolic pressure in the right ventricle and pulmonary artery, increased pulse pressure in pulmonary and systemic arteries, increased stroke volume, and decreased cardiac output. The present study confirms these observations and reports additional information on the following cardiovaseular aspects of complete heart block: changes in cardiovascular dynamics in the same patient over the course of several years, comparison of hemodynamic functions when there is congestive heart failure with the hemodynamic status when heart failure is absent, the hemodynamic effects of isopropylnorepinephrine, a sympathomimetic amine known to increase the ventricular rate in complete heart block.2 Renal hemodynamic functions of 3 of the subjects are also reported.
METHODS AND MATERIAL Heiiiod1ima'Ilclic functions were measured in 8 patients with complete heart block. Except for patient P. D., who was 39 years old and had inactive rheumatic heart disease with aortic stenosis, the subjects were elderly and the heart block was due to arteriosclerotic heart disease. Five patients had never manifested signs of heart failure, 2 patients had recently recovered from congestive heart failure and 1 paltielit was in frank congestive heart failure (table 1). In each instance the heart block was of spontaneous occurrence and not associated with medication or myocardial infaretion. The permanence and completeness of the heart block was confirmed in each patient by repeated electrocardiograms and by the persistence of complete atrioventricular dissociation following the administration of 1 to 2 mug. of atropine sulfate intravenously.
Of the 5 patients never manifesting congestive heart failure, 3 (J. Gi., E. S., T. R.) first came under observation because of Adamis-Stokes attacks. The seizures were eliminated with ephedrine sulfate, which was then continued in maintenance doses and the patients were observed for 3, 9, and 5 years, respectively. They remained without further attacks and did not develop heart failure. Hemodynaniic determinations were obtained shortly after their seizures disappeared and again after intervals of 1, 21/2, and 3 years, respectivelv (tables 2 and 3). The fourth patient (P. D.) was known to have heart block for 2 years before the present observations. He had attacks of dizziness but no overt Adamis-Stokes seizures. The fifth patient (A. S.) was noted to have a *'slow heart" 1 year previously but had never experieneed Adamns-Stokes attacks or dizziness.
Of the 3 patients with congestive heart failure, heemodynaimic determinations were obtained in 2 (1. K., J. Ga.) after they had recovered to a In the 4 elderly subjects cardiac function was definitely abnormal (table 2). Cardiac indices were markedly decreased. A-V oxygen difference, a more rigorous index of cardiac function since it relates cardiac output to the body 's demand for blood, was abnormal on 5 of 7 occasions. Since aging is associated with decreased cardiac dynamic activity,9' 10 the values for the subjects with heart block are compared with the values obtained in this laboratory for 9 noncardiac patients of the same age range (60 to 80 years). For the heart block subjects as a group, the cardiac index is still low and the A-V oxygen difference is still high (table 2). The differences for the 2 functions in the 2 groups of subjects are highly significant; p -0.01 for both functions. In the 3 subjects with the lowest car- In all 5 patients residual pressures in the right heart (right atrial mean pressure and right ventricular end diastolic pressure) and right ventricular systolic pressure tended to be elevated (table 3) . In both the pulmonary artery and the systemic artery, systolic blood pressure was elevated while diastolic pressure was normal or low, changes due presumably to the large volume of systolic ejection and the increased time for diastolic run-off (table  3 ). In the older subjects, arteriosclerotic stiffening of the systemic arteries probably further intensified these changes in pressure. Systemic arterial mean pressure was essentially normal. The calculated systemic vascular resistance varied considerably but on 6 of 8 occasions was increased above normal and thereby served to maintain arterial pressure in the presence of a low cardiac output and prolonged diastolic run-off. Subject P. D., whose cardiac output was normal, had a normal systemic vascular resistance. In the 2 subjects in whom pulmonary artery pressure was measured, pulmonary vascular resistance was also increased (table 3). Neither of these patients had pulmonary disease or left heart failure.
Although the dye-dilution technic for determining blood volume has admitted deficiencies, the method does serve as a reasonable index of intravascular volume. Two subjects appeared to have normal blood volumes. The blood volume of the third subject was increased by 14 and 30 per cent (table 3) .
In all 3 subjects in whom renal hemodynamic functions were determined, glomerular filtration rate and renal plasma flow were decidedly reduced (table 2) . In 2 subjects the disproportionately greater reduction in plasma flow than in glomerular filtration rate indicated an increase in filtration fraction. With aging, renal hemodynamic functions decrease,9 11 but in these 3 subjects the reduetions were greater than expected for their advanced years."' None of the 3 patients had evidence of intrinsic renal disease. Course of Hemodynamic Function over Several Years Hemodynamic determinations were repeated after 1 to 3 years on 3 subjects with out congestive heart failure. During the intervening years the patients suffered no reduction of their usual (reduced) activity nor did they develop congestive heart failure. In general, their hemodynamic functions appeared to be slightly more impaired (table 2, 3). After 12 months the functions in J. Gi. were about the same. After 32 and 38 months, subjects E. S. and T. R. manifested further slight reduction in cardiac index and rise in A-V oxygen difference, associated with some increase in pressure in the right heart, largely in ventricular systolic pressure.
Heart Block with Congestive Heart Failure Although similar degrees of abnormality in individual hemodynamic functions were present in subjects with and without congestive heart failure, the presence of heart failure appeared to be associated with the more marked impairment. Thus, the subject with frank congestive heart failure (F. L.) had one of the lowest cardiac indices, the highest A-V oxygen difference and the highest residual pressures in the right heart ( 3) .
Except for the results in patient A. S., which will be discussed separately, isopropylnorepinephrine produced essentially similar effects for all 3 routes of administration (table 4, fig. 1 The question may be raised whether the hemodynamic status in the elderly subjects with complete heart block constituted heart failure. In the sense that cardiac output did not meet bodily demands and A-V oxygen difference rose, cardiac function failed. A further indication of such failure would be afforded by the occurrence of impaired hemodynamic functions of various organs. Renal hemodynamic functions were impaired in the 3 patients studied and the impairment was more marked than expected for aging alone. Furthermore, the renal hemodynamic changes, especially the elevation in filtration fraction, were of a type considered to be typical of congestive heart failure. Filtration fraction does not rise strikingly with aging. 1 On the other hand, in spite of the impaired cardiac function and reduced cardiac output, clinically the heart appeared not to have failed. The syndrome of congestive heart failure did not develop, even though cardiac output and renal hemodynamic functions were reduced to values usually associated with congestive heart failure. The patients remained il satisfactory health and activity for long periods. Subjects J. Gi. and T. R. were without symptoms or heart failure during 38 and 57 months of observation. Subject E. S. remained free of symptoms for 80 months, then developed congestive heart failure, and died suddenly 5 months later. Subject J. Ga. recovered clinically from congestive heart failure and with digitalis medication remains free of symptoms 22 months later. Subjects P. D., M. K., and F. L. died suddenly and In the final analysis, cardiac function was considered inadequate whether or not clinical symptoms or syndromes developed, for in these patients with heart block cardiac function did not provide a cardiac output commensurate with bodily needs. In these elderly subjects lowered metabolic activity and increased extraction from the blood compensated for the decreased cardiac output. With lowered bodily requirement making less demands for blood, the necessarily increased arterial-venous extraction was accordingly not too great. The resultant hemodynamic abnormality was not, therefore, so great that severe dysfunction of organs occurred and accordingly disease states and symptoms did not develop. The lowered activity of old age was therefore to these patients' benefit. The hemodynamic response to exercise was not determined. However, because the slow heart rate of complete heart block is unresponsive to physiologic stimuli, it is a reasonable conjecture that physical effort would have resulted in more marked hemodynamic abnormality, particularly extraction from the blood. It is then an interesting speculation whether overt congestive heart failure might reasonably be expected if considerable activity were undertaken by these subjects. Pertinent to this point are the observations of Starzl and Gaertner,12 that congestive heart failure was more apt to occur in the more active of their dogs with chronic complete heart block produced by surgical transection of the bundle of His.
It is entirely conceivable that the hemodynamic abnormality described in the patients studied is that of arteriosclerotic heart disease before the appearance of overt heart failure rather than the hemodynamic status associated with slow heart rates alone. Moreover, the course of illness in the different subjects suggests that the status of the primary heart disease and the degree of myocardial involvement, rather than the slow heart rate or lowered cardiac output, determine the course and duration of life in patients with complete heart block.
It is not the intent of this presentation and discussion to make too much of too little. Admittedly the number of patients studied is few and the differences between their hemodynamic functions and the functions in control subjects are often only modest. The fact remains that in heart block in man the hemodynamic abnormalities described exceed the values observed in control subjects, both by this laboratory and by others.9-" Moreover, similar hemodynamic abnormalities, also suggestive of congestive heart failure, were observed by Starzl, Gaertner, and Baker'3 in dogs with surgically induced complete atrioventricular block.
The hemodynamic effects of increasing the ventricular rate in complete heart block have not been completely determined and, indeed, the present observations represent measurements which are also incomplete. The sympathomimetic amine isopropylnorepinephrine improved cardiac function, as indicated by the increase in cardiac output and fall in A-V oxygen difference, both at normal and at lowered levels of cardiac activity. However, since isopropylnorepinephrine not only increases the activity of idioventricular foci in complete heart block, but also stimulates ventricular muscle2,' 14, 15 In view of the small number of trials, the differences between subjects, the variations in dosage and mode of administration, the present observations cannot resolve the question. Furthermore, the failure of patient A. S. to develop changes similar to the effects in the other patients remains unexplained and may be a matter of insufficient dosage or difference in response of this individual subject.
Finally, the present observations deal with the acute effects of single doses of isopropylnorepinephrine and leave for future study the nature of the changes produced by longterm or maintenance medication. SUMMARY The cardiovascular hemodynamic status of 4 elderly subjects with complete heart block and without clinical evidence of congestive heart failure was characterized by elevated pressures in the right heart, increased systolic and pulse pressure in systemic arteries, increased systemic and pulmonic vascular resistances, reduced cardiac output in spite of increased stroke volume, increased A-V oxygen difference, and impaired renal hemodynamic functions.
It is not evident how much of the hemodynamic alteration was due, alone or in varying combination, to the slow heart rate, the aging process or arteriosclerotic heart disease. The hemodynamic changes were suggestively similar to those encountered in mild to moderately severe congestive heart failure and yet these patients with persistent heart block remained in satisfactory health and activity for 3 to 7 years and without clinical evidence of heart failure.
Over the course of 2 to 3 years the hemodynamic abnormality became somewhat more severe in 3 subjects but their activity remained unaltered and heart failure did not occur.
The presence of clinically evident congestive heart failure ill 3 additional, also elderly, subjects was associated with even greater abnormalities in the cardiovascular dynamics and very low cardiac outputs.
In 1 younger (39 years) subject with heart block the changes in systemic and cardiac pressures were the same as in the elderly subjects but stroke volume was increased sufficiently to compensate for the slow heart rate and cardiac output was normal.
The administration of isopropylnorepinephrine by intravenous injection, intravenous infusion, and sublingual tablet was associated with little change in systemic or cardiac vascular pressures but with an increase in cardiac rate and cardiac output and a reduction in A-V oxygen difference in 4 of 5 subjects. The more normal hemodynamic status appeared to be due to both an increase in heart rate and to a direct effect on heart muscle, each to varying degrees in the different subjects. 
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